4-14 THREE-PHASE CIRCUITS ( )

1. Introduction A balanced three-phase system is produced by a
generator consisting of three sources having the
Thomas Alva Edison  same amplitude and frequency but out of phase
with each other by 120°.

(1847-1931)

Three-phase systems are important for at least
three reasons

> Nearly all electric power is generated and
distributed in three-phase.

» The instantaneous power In a three-phase
system can be constant.

> For the same amount of power, the three-phase
system is more economical than the single-phase.




Balanced Three-Phase Voltages

Balanced phase voltages are equal in magnitude and are out of phase with
each other by 120°. A

EA , EB , Ec phase voltages.
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The phase sequence is the time order in which the voltages pass through
their respective maximum values. ( )

The abc sequence or positive sequence.
The acb sequence or negative sequence.
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e,=E sinaot eg=E sin(wt—120°) e =E sin(mt+120°)

EA—E/0° Eg=E~/-120" Ec =E/120°




Y-connected three-phase voltage source

N the neutral line. ( )

Uag,Ugsc ,Uca the line-to-line voltages or simply line voltages. (



Ua=U0
L.JAB =L.JA—OB =\/§OAZ3OO
L.JBC =lJAB /-120 =\/§OBZ3OO

Uca =U ag 2120° = 3U ¢ £30°




Balanced Y-Y connection

A balanced Y-Y system is a three-phase system with a balanced Y-
connected source and a balanced Y-connected load.

Ae—> Phase current
|
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A balanced Y-A system consists of a balanced Y-connected source
feeding a balanced A-connected load.

] A
Line voltages

U AB :UABLOO N
L.JBc:lJABZ—lZOO C Q B
OCA —U ag 2120 lc

Phase currents

U aB
| B =———

Uca

Usc = iAB 4—1200, |CA=T=|ABL].200

lBC =




Line currents
“la=la—lca

Ia=31aL—30°
15 =3 18c £-30" =1a,-120°

lc =/31cas—30" =1 o £120°

=31,

<30°




A-connected sources

o A
. . . ' K Ua
Ua+Ug+Uc =0 UC_ /-
CI—)@ N B
Any slight imbalance in the phase voltages will VU,
result in unwanted circulating currents. o C

2. Balanced Three-Phase Connection/Per-Phase Equivalent Circuits

Z,




En . Es . Ec
+ +
L+L Li+Z L+Z
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Unn =

i +Z

iA : iB:iAZ—lZOO,

I.C:iAL]_ZOO, iN =0

Phase voltages

L.JAZiAZ, L.JB :L.JAL—]_ZOO, l..Jc =l..JA41200

» The neutral line can be removed without affecting the system.

» The balanced three-phase circuit may be replaced with its single-
phase equivalent circuit.




Eas =38020°V , Ex = 22020°V , Z, = j4Q), Z, = j3O)

Z, =(90+ j60)Q Z,
(b)
E’ EABL 30° = 220/ —30°V
A= — — _
J3

Z, :%ZA:30+j20Q




U =& A/Zl+ E“/ZZ =207/ 15V — —

1 + 1 + 1 E,A Z1 792 E
Ln T, G =)
U © Vi
lay =—= =575/ -487°A T N

Y

iAB =|i430° =3.32£-18.7"A U = Z, | a5 = 359/15°V

J3
U s =35915°V  Usc =359/ —105V  Uca = 359/ — 225°V

| s =332/ -18.7°A lsc =3.32/-138.7°A, lca =3.32/ — 258.7° A




4-15 Unbalanced Three-Phase Systems

An unbalanced system is due to unbalanced voltage sources or an
unbalanced load.

— joC

Ua=U_,20,

Ug =U,,2-120’, 618 @2

Uc =U 2120

joCU a+G,Us+G,Uc
G, +G, + JoC

UN'N:

 wCU (j1+1£-120" +1/120°)
wC(2+ j1)

=0.632U ,,£108.4" (C =G,=G,)




Usv =Up—Unn =U 2 ~120"~0.632U ,, /108.4" =1.5U £ —101.6
Uen' =Uc—Uny =U 5, £120° ~0.632U ,, /108.4" =0.4U ,,, /138.4°
Unn =0

The neutral of the load is no longer at the
same voltage as the neutral of the source.

Phase A joC
Phase B G,
Phase C G,

Check Your Understanding

‘ When there exists a neutral wire in the unbalanced Y
connection, is the neutral of the load at the same voltage as the
neutral of the source?




4-16 POWER IN A BALANCED SYSTEM

1. Complex Power In A Balanced System

R 7 Ae
Ae > :
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The per-phase complex power

Un=UnZdy, 1a=Ipnld, 6,=¢,—4

§A:L’JAIA:UphZ¢ulph4_¢i =Unlmdd, ¢
=U 1, cos9, + JU 1, sing, =P, + JQ,




The per-phase apparent power S, = Uy, 1,

pfa =——=cC0sg,

The total complex power
S=Sa+Se+Sc=3U 1 c084, + j3U 1 Sing, =3P, + j3Qu =P+ jQ
The total apparent power  S=35,=3U |,

[Pl 3
S 35,

P pfA




U
Balanced Y-connected load lpn=1, Uy = %5

I
Balanced -connected load U, =U,, I, :%5

The total complex power

~

S=Sa+SB+Sc =3U jnlpn COS @, + JU 1y sing, =3P, + J3Q, =P+ JQ
gz\/§U||| COS¢Z+ J\/§U|I|S|n¢z :P+ JQ

The total apparent power S =+/3U,1,




2. The Instantaneous Power

The phase voltages for a balanced load
Ua :\/EUph sin(ot +¢,)
Ug =~/2U  sin(at +¢, —120°), ug =v2U  sin(at + ¢, +120)
Phase currents
in =21, sin(ot + ¢)
ig =v/2 1, sin(@t + ¢, —120°), ic =~/2 1 ; sin(wt + ¢ +120°)
The per-phase instantaneous power
Pa=Uplp =2U oh | ph sin(at + ¢, ) sin(ot + ¢,)
=U plon cos(¢g, —¢) U oh | oh cos(2wt + ¢, + @)
Pg =U ol o COS(d, — ) —U | 5, COS(2at + 6, + ¢ — 240)
Pc =U gl o €OS(d, —4) —U gl oy COS(200t + 6, + ¢ +240")




.+ COS(2wt + ¢, + ¢ )+ cos(2mt + g, + ¢ — 240 ) + cos(2wt + ¢, + ¢ — 240 ) =0

The total instantaneous power
PatPstPc=3U,, 1,nC0S(0,—0;)=P

> The total instantaneous power in a balanced three-phase system is

constant. This result is true whether the load is Y- or A-connected.

> Less material is needed to deliver the same power with a three-phase
system than is required for a single-phase system.




3. Power Measurement In Three-Phase Systems

Three-Phase Four-Wire System

[« ' Z
£ 1. Z A o—LE(\W1 b =
Ae— W . / N g

Be *; *\ iB\ ZB

W2 > ¢
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Balanced Circuit Unbalanced Circuit

W, =U,1,c08( P n—Pin)=Py
W,=Uglgcos(gp 5~ @ig)=Pg
W3=U¢ I cos(@p,c—@ic)=Pc
P=P,+P +P,

W=U, 1,c08( g2 p— @:0)=P,
The total average power P=3P,




Three-Phase Three-Wire System

: u
A | e —2 5>
The two-wattmeter method A e=>——w1) —
The algebraic sum of the two wattmeter Y (5 e,
reading is the total power drawn by the load,
regardless of load unbalance or source ic _Ue o
Coe—> ® 11—

unbalance.

P1+P,=Upc iatUge 15= (Up—Uc)ia+H(Ug—Uc)ig=Upia +UglgHUcic=PatPatPc
Ilc = —lx—lg

1¢T7 1¢T7
W1+Wz=;jo (py+ pz)dt=;j0 (Pa+Pg+ Pc)dt=Py+P + R

Check Your Understanding

‘ Find the other methods of connection to measure the total
power by two-wattmeter method.

Uga lganducy e Ugg Ic andu,g I,



The one-wattmeter method

In the balanced three-phase three-wire circuit, the wattmeter is connected
in such a way that reads the power taken by one phase of three-phase

load.
Z
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The method of connecting one wattmeter to measure the total reactive
power taken by a three-phase load.

Uc
Q Z
A o—+\W
A o, g
B e—e 1 ® Ua
Ug I
Ce ® 1
UBC
v
: ) .U U0
Ua=U .20 la=—= =l L-¢
ph Z |z|zg, T T

Usc =3Ug £30° =+/3(U ;£ ~120")£30° =U, £~ 90’

W=Ugc 15C08(¢ygc—=9ia)=U, I 0s(-90°+¢,)=U I, sing,




»+ §=+/3U,1, cosg, + j\3U, 1 sing, =P+ jQ

. 3W =4/3U,1,sing, =Q

Inductiveload ¢, 0 W>0 Q>0
Capacitiveload ¢, 0 W<0 Q<O

Three methods of connection

Upc, Ia Ueca, Ie Uns, Ic
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